Background: This study aimed to determine barriers to accessing human immunodeficiency virus (HIV) counseling and testing (HCT) services among a commuter population. Methods: A cross-sectional, venue-based intercept survey was conducted. Participants were recruited during a 2-day community campaign at the Noord Street taxi rank in Johannesburg, South Africa. Data were collected using a self-administered questionnaire loaded onto an electronic data collection system and analyzed using Stata software. Factors contributing to barriers for HCT were modeled using multivariate logistic regression. Results: A total of 1,146 (567 male and 579 female) individuals were interviewed; of these, 51.4% were females. The majority (59.5%) were aged 25-35 years. Significant factors were age group (15-19 years), marital status (married), educational level (high school), distance to the nearest clinic (.30 km), area of employment/residence (outside inner city), and number of sexual partners (more than one). Participants aged 15-19 years were more likely to report low-risk perception of HIV as a barrier to HCT (odds ratio [OR] 1.62; 95% confidence interval [CI] 1.01-2.59), the married were more likely to report low-risk perception of HIV as a barrier to HCT (OR 1.49; 95% CI 1.13-1.96), and those living outside the inner city were more likely to report lack of partner support as a potential barrier (OR 1.94; 95% CI 1.34-2.80), while those with a high school education were more likely to report poor health worker attitude as a potential barrier to HIV testing (OR 2.17;. Conclusion: Age, marital status, occupation, educational level, area of employment and residence, distance to the nearest clinic, and number of sexual partners were factors significantly associated with barriers to HIV testing in the study population. Future HIV intervention targeting this population need to be reinforced in order to enhance HIV testing while taking cognizance of these factors.
Introduction
South Africa has the highest number of people living with human immunodeficiency virus (HIV) in the world. Over 10% of the population (5.6 million) is infected, of which an estimated 15.9% of the productive age group of 15-49 years are HIV-positive. 1 An effective national strategy to control HIV infection would require expanded access to HIV counseling and testing (HCT). The approach of using stationary HCT health care facilities alone will not result in the achievement of national HIV prevention targets. 2 In response, several nongovernmental organizations, including Community AIDS Response (CARe), have been working to support government initiatives to increase access to HCT services. This is done through the implementation of home-based and 
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Tshuma et al mobile focused HCT. 3 Despite efforts to increase the uptake of HIV testing, there are still barriers to testing among urban communities. 4, 5 The South African National HIV Prevalence, Incidence, Behaviour and Communication Survey reported that Gauteng province has the lowest HIV testing participation rate in the country, with only 59.4% of individuals agreeing to HIV testing. The highest testing response rate in urban informal settlements was 72.5% and the lowest in the rural formal areas was 72.6%, while urban formal areas recorded 62.8%. 6 HCT services are a vehicle through which millions of people learn about their HIV status. For individuals who test positive, HCT provides a platform for them to select health care services that provide opportunities for longterm care and treatment. 7 It is widely acknowledged that testing for HIV decreases the likelihood of high-risk behavior among individuals who choose to test, which leads to reduction in HIV transmission. 8 For this reason, there is a drive to increase the prevalence and accessibility to HCT. In response to the country's growing demand for HIV testing, the South African Department of Health launched a nationwide HIV counseling and testing campaign in 2010 to increase testing rates and provide a stepping stone to antiretroviral therapy. 9 The campaign aimed at reducing the incidence of HIV infection by 50%; however, it was not successful in meeting its goal by the projected deadline set for June 2011. 10 Structural and cultural barriers in South Africa threaten to undermine HCT campaigns when they are not addressed. There have been several studies within the South African context that measure barriers to HCT. For example, in 2005, a study of the effectiveness of a mother to child transmission prevention program found that structural factors such as weak management capacities in health centers contributed to lower rates of HCT. Clinics with stronger management capacities were able to employ lay counselors to lessen the burden on nurse counselors, integrate policy into practice, secure test kit supplies, and increase the rate of HCT uptake. The authors concluded that a strong management capacity is essential to the successful implementation of HCT programs.
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Many of the studies performed on barriers to testing in South Africa have targeted townships as study sites and have usually targeted testing cultural barriers, primarily focusing on HIV-related knowledge, risk perception, and HIV/acquired immune deficiency syndrome (AIDS)-related stigma. In 2003, a study performed in a black township in Cape Town found that HIV-related knowledge is not associated with testing history, which underscores findings by other authors who suggested that HIV-related knowledge was necessary in increasing HIV testing rates, but was not sufficient when other barriers outweighed the potential benefits of testing. 12 HIV/AIDS-related stigma has been cited as a barrier to HIV testing despite the presence of knowledge about HIV transmission. 12 Shisana et al found that HIV/AIDS-related stigma in South Africa has actually been decreasing since 2002. However, a recent study has demonstrated that HIVrelated stigma is a prominent barrier to testing. 10 Studies also identify a low perceived risk as a problematic barrier to HIV testing. Individuals who perceived their risk of HIV infection as low are likely to engage in high-risk behaviors, and do not feel the need for HIV testing. However, an individual's self-perceived risk may often be inaccurate. 13 Furthermore, a lower risk perception correlates with higher rates of HIV infection. 14 Barriers to testing delay the entry of HIV-infected individuals to the continuum of care, despite sufficient evidence supporting the value of seeking HCT services. This leads to delayed diagnosis of HIV infection, increased morbidity, increased health care costs, and ultimately high mortality of those infected. 15 Commuter populations, such as those found commuting through urban centers, often have access to higher concentrations of social amenities, such as health care services. However, individuals in the inner city are faced with challenges of high population density and cultural diversity, compounding the barriers to testing. For example, the Johannesburg metropolitan population is comprised of a very culturally diverse populace, with Gauteng absorbing more immigrants with diverse cultural backgrounds than any other South African province. 16 Therefore, trying to provide health care services to individuals from such a wide range of cultural backgrounds could present additional and unique challenges to HCT uptake. 17 The levels of access to health care, population density, and cultural diversity of Johannesburg's inner city combine to form a unique environment and valuable location for study of the barriers to HCT for commuter populations. Since data on barriers to HCT uptake in this population is limited, conducting such a study would provide a platform for understanding the risk behaviors and determinants as well as sociodemographic factors associated with HIV testing in this special population and indeed in the developing world's mobile populations who are at higher risk of HIV infection. 
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Potential barriers to HIV testing in a commuter population care system, 11, 19 individuals living in townships, 10, 12, 13 or the general population. 14 This study focused on commuter populations, who are groups of people who travel some distance to and from work or in search of work on a regular basis. 20 The study aimed at increasing knowledge and understanding of barriers to accessing HCT services within the commuter population in order to inform policy decisions and intervention strategies at the district levels targeting commuter populations to enhance uptake of HCT services.
Materials and methods
Study design
The study used a simple random sampling technique to select participants for a venue-based intercept survey at the four corners of Noord Street taxi rank in the Johannesburg inner city central business district (CBD). The simple random sampling technique entailed selection of an even number from a bowl with numbers 1 to 10. Field workers approached potential participants walking toward the corners that served as intercept points and sought verbal consent prior to allowing potential participants to pick the numbers from a bowl. Only those who picked an even number were allowed to respond to a closed-ended questionnaire. Field workers were on standby to provide support to participants who had any challenges in answering the questions. The participants were also offered free voluntary HCT after completion of the questionnaire. However, acceptance levels were not tracked.
Study setting
The study was conducted at the Noord Street taxi rank in Johannesburg, South Africa ( Figure 1 ). The Noord Street taxi rank is by far the largest and busiest taxi rank in Johannesburg and is positioned at the heart of the inner city in the CBD. 21 During apartheid, the CBD was Johannesburg's commercial center, home to many of the city's national and international companies. However, following the dismantling of apartheid, the CBD made a swift and disorderly transition, absorbing many of the urban poor, while a majority of businesses and corporations fled to upper class suburbs, such as Sandton.
Individuals came to the inner city from townships that were inconveniently far from business opportunities, for cheaper transportation costs, job opportunities, and more convenient access to social amenities. The CBD also saw a large influx of migrants seeking job opportunities in Johannesburg, both from other provinces and from neighboring countries. 22 The 2011 census reported that Gauteng absorbed a net migration of 1,037,871 individuals between 2001 and 2011, being the highest in the country. 16 As a result, the CBD has transformed from a spacious, well-maintained business district to a densely populated, culturally diverse, and poorly regulated city center over a short period of time. 22 The Noord Street taxi rank is Johannesburg's primary transit center for all mini taxis operating in South Africa's mini-taxi system. It is common knowledge that taking a minitaxi is often inconvenient and time-consuming, but is also the cheapest means of transport from one part of the city to another. Therefore, the mini-taxi system is primarily utilized by individuals without the means to afford more comfortable and convenient modes of transport, such as private cars or metered taxis. Most passengers use the Noord taxi rank as a platform to start their commute or switch directions and travel to a different area of the city. Individuals moving through the Noord taxi rank come not only from townships at the city periphery, but also from the CBD itself. The CBD has high levels of unemployment and is adjusting to relatively newly increased population densities. Often, the only tangible housing options for individuals living in the CBD are illegal, informal renting spaces, which tend to operate out of dilapidated buildings. It is estimated that 100,000 of the city's residents utilize informal rental housing in the inner city. 22 
Data collection
Data were collected via a self-administered closed-ended questionnaire loaded onto an electronic data collection system using personal tablet computers. Data were collected during a 2-day campaign at the taxi rank in the month of May 2013 during a community outreach campaign organized by the District Department of Health targeted at taxi ranks in Johannesburg. The measures used for data collection 
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Tshuma et al were categorized into sociodemographic characteristics, history of testing, and barriers to testing. Sociodemographic characteristics included participant age (under 15, 15-19, 20-24, 25-35 , and older than 35 years), marital status (single, married, divorced, cohabitating), occupation (formally employed, self-employed, not employed, including students), education (below high school, high school, and post high school qualifications, including certificate, diploma, and degrees) distance to the nearest clinic (0-10, 11-20, 21-30, and more than 30 km), place of residence (inner city, outside inner city), and place of work (inner city, outside inner city). The previous place where the last HIV test was done was categorized as never tested, clinic, hospital, mobile outreach, and home. During univariate and multivariate analysis, clinic and hospital as well as mobile outreach and home were combined. Payment for HCT services included all participants who answered yes to ever paying a fee for any HCT services they received. Sexual partners were assessed over 3 months, where participants were required to choose if they had none, one, or more than one sexual partner in the previous 3 months.
Potential barriers were identified by asking the study participants about the barriers to HIV testing. In this study, the following responses were used to generate an unordered outcome variable: paying for HCT services, negative attitude of health workers, influence of sexual partner, and stigma and discrimination. This was achieved by selecting the participants who answered yes to each question. Another question was asked to establish whether the participant's perceived risk of becoming HIV-infected was high or low. Geographic data were obtained freely from Internet sources. Quantum GIS was used to produce a map showing the location of the study area in relation to the city of Johannesburg (Figure 1 ).
Statistical analysis
The data analysis was performed using Stata version 12 (StataCorp, College Station, TX, USA). Missing observations in the outcome variable were excluded from analysis. Frequency distributions were used to describe categorical variables, as seen in Table 1 . Five potential barriers were selected, ie, low perceived risk of HIV, paying for HCT services, poor health workers' attitudes, lack of partner support, and stigma and discrimination. These were used in five different logistic regression models to determine which correlates were associated with each of the potential barriers to HIV testing.
Bivariate logistic regression analysis was performed to assess the association between the selected covariates and 
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Potential barriers to HIV testing in a commuter population significant independent barriers to HCT, as shown in 
Results
Descriptive statistics
The 1,146 study participants included 567 (49.5%) males and 579 (50.5%) females, with the majority (42.2%) being aged 25-35 years. A total of 61.5% reported working in the inner city, with 57.3% of the participants living in the inner city. Of these, 69.1% reported living near a health facility, and approximately 58.6% were either in formal employment (31.4%) or self-employment (27.2%). Approximately 87% of the study population reported being previously tested for HIV and 51.8% had a low-risk perception of acquiring HIV. Sixty-one percent reported testing for HIV less than a year earlier at clinic HIV testing centers (Table 1) .
Bivariate analysis
Results of the bivariate analysis are presented in Table 2 . Factors such as age group, marital status, occupation (selfemployed, formally employed), educational level, distance to the nearest clinic (.30 km), area of employment/residence (outside inner city), and numbers of sexual partners ($1). Factors that were significantly associated (P,0.05) with potential barriers to HCT were further analyzed in multivariate logistic regression models.
Multivariate regression analysis
The results of the logistic regression analysis are presented in 
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Potential barriers to HIV testing in a commuter population have the need to test for HIV. However, one's self-perceived risk is often inaccurate. 13 Furthermore, perception of lower risk correlates with higher rates of HIV infection. 14 Participants with high school and post high school qualifications were less likely to report stigma and discrimination as a factor hindering HIV testing, although education was not significant in multivariate analysis. HIV and AIDS-related stigma has been cited as a barrier to HIV testing despite the presence of knowledge about HIV transmission. 12 Shisana et al found that HIV/AIDS-related stigma in South Africa has actually been decreasing since 2002. However, in a recent study published in 2012, HIVrelated stigma was shown to be a prominent barrier to testing in South Africa. 10 Lessening of stigma and discrimination is a key aspect in increasing the uptake of HIV testing 23 in the population.
Poor health worker attitude was identified as a significant factor influencing not testing among participants. Participants with high school education and above were more likely to report poor health worker attitude as a factor hindering testing for HIV. Some studies have reflected the need to provide training of health workers so as to improve health worker attitude, which may lead to an increase in uptake of HIV testing. 24, 25 Participants who lived furthest from the health facility were less likely to report poor health worker attitude, paying for HCT services, and lack of partner support as barriers to HIV testing. This is an indication that distance is no longer a significant aspect, as health services may be accessed. Participants who lived outside the inner city were more likely to indicate lack of partner support as a potential barrier to HCT compared with those living in the inner city.
Limitations of the study
The venue-based intercept survey design of this study is a weakness; a multi-venue taxi rank sampling strategy could have been employed to obtain a cross-section of inhabitants of the city of Johannesburg. The refusal rates with recruitment of respondents at the taxi rank were also not captured. Indepth interviews could have given the study some depth in understanding the barriers to uptake of HCT, and this was not done. The study was conducted in 1 day, whereas conducting it over a longer period might have given more varied findings. The use of personal tablets as data collection tools might have prevented potential technophobic or elderly participants from answering the survey. However, support was provided for those who needed assistance from the field testing compared with no high school education: high school (OR 2.17; 95% CI 1.36-3.45) and post high school (OR 2.46; 95% CI 1.50-4.02). In this study, long distance from a health facility had a protective effect against non-testing as a result of poor health workers' attitudes when compared with those who lived less than 10 km from the nearest clinic/health facility: .30 km (OR 0.47; 95% CI 0.23-0.96).
Paying for HCT
Participants with a high school qualification or above were more likely to report paying for HCT services as a reason for not testing compared with those without a high school education: high school (OR 1.86; 95% CI 1.21-2.83) and post high school (OR 2.14; 95% CI 1.37-3.36). Similar to poor health workers' attitude, the greater the distance to the nearest clinic, the less likely it was that the subject would report paying for HCT services as a reason for not having an HIV test: 21-30 km (OR 0.55; 95% CI 0.33-0.91) and .30 km (OR 0.44; 95% CI 0.23-0.82).
Discussion
This study found the following factors to be significantly associated with potential barriers to HIV testing: marital status, occupation, educational level, area of employment and residence, distance to the nearest clinic, and numbers of sexual partners. HCT services provide a platform via which millions of people can get to know their HIV status and become linked to care and treatment should they test positive for the virus. Despite the crucial role that HCT plays in control of HIV transmission and access to treatment, approximately 50% of people living with the virus do not know their HIV status, according to the 2012 UNAIDS report. Several factors contribute to this, and are the barriers that prevent people attending for HCT. In light of this, we investigated the barriers to accessing HCT services in the commuter population within the Johannesburg metropolitan health district. To our knowledge, this is the first study to assess barriers to HIV testing among the mobile population in Johannesburg.
We found that approximately 87% of the study population had tested for HIV and more than half of them perceived their risk of contracting the virus as low. In another venue intercept study that was conducted in Cape Town, 47% of participants had tested for HIV and the risk of exposure to HIV was high and comparable among people tested and not tested. 12 Previous studies also point to low perceived risk as a problematic barrier to HIV testing. When one does not perceive that one engages in high-risk behaviors, one does not 
18
Tshuma et al staff. Further, the data obtained were self-reported, which may result in social desirability bias. Because of these limitations, caution should be exercised before generalizing the study results to other areas and population groups with similar characteristics.
Conclusion
Marital status, occupation, educational level, area of employment and residence, distance to the nearest clinic, and numbers of sexual partners were factors that were significantly associated with barriers to HIV testing in the study population. For future interventions, health services provision, must take cognizance of these factors which are associated with Barriers to HIV testing. Health education plays an important role and the need to design age-specific messages is important in the design of programs. Meanwhile, a high level of stigma and discrimination with regard to HIV testing was observed in this population. More programs need to be designed so as to address stigma, particularly among single people. Multiple and/or concurrent sexual partners are among the key drivers of HIV infection; hence, dealing with this issue is of vital importance to decrease the stigma associated with accessing HCT services. There is a need to identify strategies to address barriers to testing in the commuter population and institute effective public health interventions to increase uptake of HCT in this population. 
